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Objective

Dhaval Kadia

• Robust segmentation of COVID-19 infected lungs requires rich labeled
data. Accurate pixel-level annotation tasks to generate such data are
time-consuming, and that delays data preparation.
• We proposed a novel lesion synthesis algorithm and U-Net based
deep neural network for robust lung segmentation and segmentation
of COVID-19 lung infection from CT scans.

Framework
• We use CT scan with its lung mask, apply lesion synthesis algorithm
and train deep learning model to test on COVID-19 CT scans.
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Fig. 3. Recurrent Residual Multi-Scale Depthwise Dynamic Dilated
Concatenated Fusion Module (RRDCM) (a); Down/Up sampling (b)(c).

Fig. 5. 2D lung segmentation and lesion segmentation from COVID-19
CT scans (a); Box plot for DSC of COVID-19 lesion segmentation.
• We tested our framework on COVID-19 CT scans and segmented
lungs (Fig. 4 (a), [3]) and lesions (Fig. 4 (b), [3] and Fig. 5 (a), [4]).
• We used a dataset [3] to compare lung and lesion segmentation
results with [2]. We achieve 0.9711 DSC for both 2D and 3D lung
segmentation. We achieved 0.702 DSC lesion segmentation for
COVID-19 CT scans, while applying 3D lung segmentation using [1].

Lesion Synthesis Algorithm

Table 1. Comparison of DSC of the results from proposed architecture
with [2], for COVID-19 lesion segmentation.
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Fig. 1. Framework.
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Deep Learning Architecture
• We used U-Net as a backbone and utilized our previous deep learning
model [1] to develop MSU-Net. MSU-Net has Recurrent and Residual
networks, and Squeeze-and-Excitation Residual module.
• We designed multiscale dilated module (Fig. 3 (a)) that uses different
dilation rates and the number of features in convolutional layers at
each level. We use down and up sampling modules that are based on
kernels of multiple scales, other operations, and modules (Fig. 3 (b).
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Fig. 3. Lesion synthesis algorithm (a); Morphological operations (b);
Lesion synthesis at the pixel level & Synthetic CT scans: Dilation based
morphology (c) & (e); Random kernel based morphology (d) & (f).

Experimental Results

Conclusion
• Thus, we developed a deep neural network for lung segmentation
and proposed a novel lesion synthesis algorithm for robust lung
segmentation. We applied our algorithm and deep neural networks
for infection segmentation from segmented lungs and achieved
significant results to prove its applicability for further applications in
medical imaging. We addressed data scarcity for medical imaging for
lungs infected with coronavirus disease (COVID-19).
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Fig. 2. Multi-Scale Unet (MSU-Net) architecture.
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Fig. 4. Effect of lesion synthesis algorithm (a); 3D Infection segmentation
from the segmented lungs (b).
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